1. DISEASE CHARACTERISTICS 1.1 Name of the disease (synonyms) CHARGE syndrome (CHARGE association, Hall-Hittner syndrome).
1.2 OMIM# of the disease 214800.
1.3 Name of the analyzed genes or DNA/chromosome segments CHD7.
OMIM# of the gene(s)
608892.
Mutational spectrum
Predominantly heterozygous single-nucleotide variants which affect protein function (44% nonsense, 34% frame shift, 11% splice site and 8% missense). Less than 5% whole-exon deletions or microdeletions of 8q12.1 including CHD7 (http://www.chd7.org/). 1 
Analytical methods
Sequencing of all coding exons, including their boundaries of CDH7 by Sanger sequencing, as part of a targeted gene panel for Mendelian syndromes, or by whole-exome sequencing. 2 MLPA covering most coding exons, including the 5ʹUTR and the first non-coding exon of CHD7. 3 Array CGH in selected cases. 4 Conventional cytogenetics is usually normal. Translocations with breakpoint through CHD7 have been reported incidentally. 1 
Analytical validation
Sequence analysis detects 499% of the (single) nucleotide variants present in the area that has been investigated. For parallel sequencing techniques the false negative rate depends on the coverage of the gene with the panel or platform used. MLPA has an estimated sensitivity of 490% for individual exons, and 495% for deletions covering more probes.
1.8 Estimated frequency of the disease (Incidence at birth ('birth prevalence') or population prevalence) Prevalence at birth = 1:15 000-17 000. 1 1.9 If applicable, prevalence in the ethnic group of the investigated person There is no evidence at present for a different prevalence in various ethnic groups.
Diagnostic setting
Not applicable. 
TEST CHARACTERISTICS
Depends on the method used. If only CHD7 sequencing is performed, deletions are missed. In o5% of the patients, CHARGE syndrome is due to whole-exon or whole-gene deletions. 3, 5 If Sanger sequencing is combined with MLPA, the sensitivity is almost 100%. For parallel sequencing techniques the analytical sensitivity depends on the coverage of the gene in the panel or platform used.
Analytical specificity (proportion of negative tests if the genotype is not present)
The analytical specificity is almost 100%. Some variants may be erroneously interpreted as disease-causing. An interpretation algorithm for missense variants has been published by Bergman et al. 6 2.3 Clinical sensitivity (proportion of positive tests if the disease is present)
The clinical sensitivity can be dependent on variable factors such as age or family history. In such cases a general statement should be given, even if quantification can only be made case-by-case.
The clinical sensitivity depends on the clinical criteria used. In over 90% of the patients who fulfill the criteria of Blake et al. 7 or Verloes et al., 8 a disease-causing variant is found. 9 In those who are suspected for CHARGE syndrome, in 30-60%, a disease-causing variant is found. 1,10 CHARGE syndrome often can be excluded if a patient does not fulfill the clinical criteria and does not carry a disease-causing variant or deletion of CHD7.
The clinical variability of the syndrome is considerable. If the diagnosis is based on the Blake et al. 7 or Verloes et al. 8 criteria, some people with CHARGE syndrome will be missed. The clinical specificity of these criteria is~85%, as 14-17% of the patients with a CHD7 disease-causing variant do not completely fulfill these criteria. 4 Bergman et al. 6 defined criteria for CHD7 testing and showed that if these criteria were used the risk of not offering the test to a patient with a CHD7 disease-causing variant was extremely low. 4 But, it should be taken into account that the mild end of the phenotypic spectrum is still expanding. Note that some patients with CHD7 mutations also fit a diagnosis of Kallmann syndrome. At the mildest end of the phenotypic spectrum, patients with CHD7 disease-causing variants may show hypogonadotropic hypogonadism with some additional minor features of CHARGE syndrome. [11] [12] [13] Some conditions can mimic CHARGE syndrome: 22q11.2 deletion syndrome, VACTERL association, SOX2 mutations, mandibulofacial dysostosis, chromosomal disorders (eg, deletions 3p12p21.2), 14 disorders caused by teratogens (eg, maternal diabetes, Accutane) and Kallmann syndrome. 13 
Clinical specificity (proportion of negative tests if the disease is not present)
The clinical specificity can be dependent on variable factors such as age or family history. In such cases a general statement should be given, even if a quantification can only be made case-by-case.
If the disease is not present no disease-causing CHD7 variants will be found, and thus in theory the clinical specificity is 100%. However, the interpretation of missense variants can be complicated. Bergman et al. 6 has published a guideline for the interpretation of CHD7 missense variants. See also the public database with the CHD7 variants and their classification available at: http://www.chd7.org/.
Positive clinical predictive value (life-time risk of developing the disease if the test is positive)
Estimated 100%, but high clinical variability. The penetrance of pathogenic CHD7 variants is complete: truly asymptomatic carriers of known disease-causing variants have not been reported, but expressivity may be subtle and the diagnosis may be overlooked in atypical cases.
2.6
Negative clinical predictive value (probability of not developing the disease if the test is negative) Assume an increased risk based on family history for a non-affected person. Allelic and locus heterogeneity may need to be considered.
Index case in that family had been tested: 100% Index case in that family had not been tested: This depends on the a priori chance of the index carrying a disease-causing variant: this varies between 60 to 90%. There is always a residual risk, but complete analysis (sequencing and MLPA) will reduce the chance that the proband carries a diseasecausing variant which cannot be detected by current techniques by 90-95%.
CLINICAL UTILITY
Other (please describe) endocrine investigations 3.1.2 Describe the burden of alternative diagnostic methods to the patient CHARGE syndrome can be diagnosed clinically but not solely by using the CHARGE acronym (C = coloboma, H = heart defect, A = choanael Atresia, R = retardation of growth and development, and E = ear abnormalities) or the major criteria (coloboma of the eyes, choanal atresia, characteristic ear malformations including deafness, arhinencephaly and cranial nerve abnormalities). Scanning of the temporal bones often elicits abnormalities in the semi-circular canals which brings more specificity to the diagnosis. This implies that for a clinical diagnosis the following clinical investigations usually are performed: ophthalmoscopy, cardiac and renal ultrasound, cranial CT and cerebral MRI (with fine cuts over temporal bones and olfactory bulbs), audiometry and other cranial nerve testing (ie, swallowing studies).
How is the cost effectiveness of alternative diagnostic methods to be judged?
Gene testing is still expensive, and for that reason many parents, particularly those with older children, have not had their child tested. 15 Either gene testing or clinical criteria can miss some individuals with CHARGE syndrome. However, gene testing may be important in patients who do not have the classical CHARGE characteristics and may be at-risk for the long-term complications of CHARGE syndrome.
Gene testing is important for recurrence risk and reproductive options. This can be divided into early, middle and late management. Early management may involve repair of choanal atresia, cardiac abnormalities and tracheoesophageal fistula. Attention to gastroesophageal reflux and the swallowing mechanism is an important early management problem that is often forgotten. 4, 17 Botox injections into the salivary glands have recently been proven to be effective. 18 Middle management should pay attention to physical therapy for balance problems, occupational therapy for fine motor and feeding problems, and speech and language therapy for swallowing, feeding problems and speech. Furthermore, watching for hidden anomalies such as renal disease, immunological dysfunction, and continued assessment of hearing and vision with a view to bone-anchored hearing aids or cochlear implants should be offered. 17 Sleep apnea presents as night-time snoring and apneas should be investigated by sleep studies and ENT referral. 19 Consider partial or complete removal of tonsils and adenoids.
Late management should include endocrine investigation as hormone issues are common. Growth hormone deficiency is less prevalent than abnormalities of gonadotropic hormones, especially in boys. 20 Vitamin D and calcium intake throughout childhood and into adolescence needs to be maximized. We recommend increased calcium and vitamin D intake to protect bone development, as well as weight-bearing exercises. 16 In later life watch out for obesity. 3.3 Genetic risk assessment in family members of a diseased person (To be answered if in 1.9 'C' was marked) 3.3.1 Does the result of a genetic test resolve the genetic situation in that family? Not necessarily, but if a disease-causing variant is found in the patient and not in the parents, recurrence risk can be given with more certainty and prenatal diagnosis can be offered. Moreover, in that situation, siblings of the patient do not have an increased risk for children with CHARGE syndrome. If the disease-causing variant is found in mosaic or non-mosaic form in one of the parents, recurrence risk is increased (up to 50%) and prenatal or pre-implantation diagnosis should be discussed.
Predictive

Can a genetic test in the index patient save genetic or other tests in family members?
Family members may have very mild characteristics of CHARGE syndrome and somatic mosaicism has been described in parents. Therefore, parents of an apparently sporadic case should always be tested when wishing for another child, to obtain a more accurate recurrence risk.
3.3.3 Does a positive genetic test result in the index patient enable a predictive test in a family member? Yes, theoretically. As penetrance of CHD7 pathogenic variants is almost 100% when minor signs are searched for, predictive test would be a rare issue.
Prenatal diagnosis
(To be answered if in 1.9 'D' was marked) 3.4.1 Does a positive genetic test result in the index patient enable a prenatal diagnosis? Yes. If an index patient has CHARGE syndrome, then subsequent pregnancies can be screened genetically and by fetal ultrasound and eventually by fetal MRI.
IF APPLICABLE, FURTHER CONSEQUENCES OF TESTING
Please assume that the result of a genetic test has no immediate medical consequences. Is there any evidence that a genetic test is nevertheless useful for the patient or his/her relatives? (Please describe).
There is a lot of discussion in Hartshorne et al. 15 that might be helpful, including reasons for testing or not testing given by parents and a discussion of the ethical issues involved.
